PROLACTIN receptor (PRL-R) belongs to a recently recognized cytokine receptor superfamily [1] . Multiple forms of PRL-R (long, short and intermediate forms) have already been identified in rats [2] . Although these three forms of PRL-R have the same extracellular and transmembrane domains, they differ in the size of their cytoplasmic domains [2, 3] . Recently, it has been reported that CHO cells transfected with cDNA encoding the long form of rat PRL-R (PRL-RL) responded to prolactin (PRL) with an increased expression of co-transfected reporter gene placed under the control of /3-lacto-globulin promoter [4] . A similar activation of milk protein gene promoter was observed with cDNA encoding the intermediate form of PRL-R (PRL-RI) cloned from Nb2 pre-T rat lymphoma cells [5] . Contrary to these observations, no response to PRL was detected when the cDNA encoding the short form of rat PRL-R (PRL-R5) was used for transfection. Thus, it was suggested that the cytoplasmic domain of PRL-Rs lacks the region(s) which is critically important for mediation of the PRL signal [4, 5] .
It has been shown that PRL plays major roles both in mammogenesis (i.e., growth of the mammary gland) and lactogenesis (i.e., differentiation of the mammary gland) in the mouse in vivo [6] . Cell culture studies established that PRL binds to its receptors on mammary epithelial cells [7] and thereby induces cell growth as well as differentiation [8] [9] [10] . It is therefore conceivable that there may be a mammogenic growth signal in addition to the lactogenic differentiation signal mentioned above. To examine whether or not there are two independent signal pathways for growth and differentiation, we first cloned PRL-RL cDNA from mouse mammary gland in this study. We introduced the cloned PRL-RL cDNA into IL-3-dependent Ba/F3 cells [111 and then analyzed the cells. ligation kit (Takara Shuzo, Kyoto). DNA sequencing of the purified plasmid was performed in both directions by the dideoxy chain termination method [161 using Sequenase Version 2.0, 7-deaza-dGTP kit (U.S. Biochemical Corp.) and [a-32P1dCTP (Amersham; 3,000 Ci/mmol).
Cell culture

Materials
and Methods
Cloning of mouse mammary PRL-RL
The cloning of PRL-RL cDNA was carried out according to the "rapid amplification of cDNA ends" (RACE) protocol [121 as follows: Total RNA was extracted from 10-day-lactating BALB/c mouse mammary glands by the acid guanidinium thiocyanate-phenol-chloroform (AGPC) method [131. The RNA was incubated at 65 °C for 5 min and rapidly chilled on ice. First strand cDNA was synthesized in a 20 ,ul reaction mixture containing 4.9 jig of total RNA, 2.4 pmol of an oligo (dT)17 primer with restriction sites (Ro-Ri-dT; 5'-GAGAATTCGGATC-CTTTCTCGAGTCTAGA-T17-3'), 1 mM each of dNTPs, 200 units of SuperScriptTM reverse transcriptase (GIBCO BRL) and a buffer supplied by the manufacturer.
After incubation at 45 °C for 1.5 h, the reaction mixture was heated at 95 °C for 5 min to inactivate the enzyme and then rapidly cooled on ice. Using the first strand cDNA as a template PCR was performed for 30 cycles (94 °C, 1 min; 50 °C, 3 min; 72 °C, 3 min) in a mixture containing Taq polymerase (AmpliTaq; Perkin-Elmer) and primers designed from the 5' and 3' untranslated regions of the rat RPL-RL cDNA [14, 151. The 5' sense primer (5'-TTAAGCTTCTGT-GAAGGGAGCCTCTGA-3') and a mixture of the 3' antisense primers, Ro-Ri-dT and Ro (5'-GAGAA-TTCGGATCCTTT-3'), were used for the first round of PCR. The inner sense primer (5'-TTGTCGACT-GCAGATACATTGCCTATAGCAAGAA-3') and the inner antisense primer (5'-TTGGTACCGTTAC-CTGAAGAGAAATCAC-3') were used for a second round of nested PCR. The amplified 1.9-kb product separated on agarose gel electrophoresis was extracted from the gel, treated with PstI and Kpnl restriction enzymes and cloned into a restriction enzyme-and bacterial alkaline phosphatase-treated pBluescriptII vector (Stratagene) using a DNA ,ug PRL-RL expression plasmid and 400 ug yeast tRNA and kept on ice for 15 min before electroporation. An electric pulse of 400 V with a capacitance of 960 uF was applied using an electroporator (Gene Pulser; Bio-Rad). After electroporation, the cells were cooled on ice for 10 min, seeded in 96 well plates and cultured in the presence of WEHIconditioned medium. Two mg/ml of G418 (GIBCO BRL) was added to the culture medium on the following day.
G418-resistant stable transf ectants obtained two weeks later were passaged and tested for PRL dependency for growth. The PRL-dependent cells thus obtained were named BaF/PD cells and maintained in a medium supplemented with 1 pg/ml of ovine PRL (Sigma; sp. act., 32 I.U./mg).
Measurement of cell growth
BaF/PD cells were plated at 2 x 104 cells/well in PCR analysis of mouse y-casein mRNA expression BaF/PD cells were plated at 1.1 x 106 cells/35-mm dish and cultured in the presence of combinations of IL-3 (0.1 µg/ml), PRL (1 jig/ml) and dexamethasone (0.01 ,ug/ml; Sigma). Fortyeight h after plating, RNA was extracted from each of the triplicate cultures by the AGPC method [13] and first strand cDNA was made as described above except that a random hexamer (Takara Shuzo, Kyoto) was used as a primer.
PCR was done for 35 cycles (94 °C,1 min; 60 °C,1 min; 72 °C,1 min) followed by an extension of 9 min at 72 °C in 12.5 1u1 of a mixture containing cDNA (corresponding to 62.5 ng total RNA), 0.2 pM each of the sense primer (5'-GCTGGACAATAGCGTGTTCTTCC-3'; 114-136 nt of mouse 7-casein cDNA [18] ) and the antisense primer (5'-GGGAAGGTGTAATCCT-TACTGGG-3'; 505-527 nt of mouse casein cDNA). As a positive control, total RNA extracted from mammary epithelial cells cultured for 2 days in the presence of PRL was similarly processed.
Af- 
Results
Cloning of mouse mammary PRL-RL cDNA
To clone a full length mouse mammary PRL-RL cDNA by PCR we synthesized PCR primers based on the noncoding sequences of the previously reported rat PRL-RL cDNA [14, 15] . After two rounds of nested PCR a single DNA fragment of 1.9 kb was amplified from the mammary cDNA. A DNA fragment of a similar size was also amplified from the ovary cDNA (not shown). The 1.9-kb fragment was then cloned into a plasmid vector. DNA sequence analysis of four independent plasmid clones revealed that each clone differed at several positions. Since these differences were all found at different positions in the sequences, we interpreted these as having resulted from Taq polymerase-induced misincorporation of nucleotides during PCR amplification.
The complete cDNA was then constructed from two of the plasmids by cloning Ncol-StuI fragment (619 nt to 1,090 nt) of one plasmid to the backbone of another plasmid treated with the same enzymes.
The nucleotide sequence of the newly constructed cDNA has been submitted to the DDBJ Data Library and assigned the accession number D10214 (submitted by M. Sasaki,1992) . The 1,824-bp open reading frame encoded 608 amino acids. The nucleotide sequence encoding the extracellular and the transmembrane domains is completely identical to that reported for mouse liver PRL-Rs [19] . A comparison of the deduced amino acid sequence (608 amino acids) with those of the rat ovarian PRL-RL (610 amino acids) [14] showed that 91% of the amino acids are identical (Fig. 1) . Two pairs of cysteine residues near the N-terminal end and a TrpSerArgTrpGly sequence, a variant of WSXWS motif, characteristic to the cytokine/Growth
Hormone/Prolactin receptor family are present in the extracellular domain [1] [2] . Cytoplasmic conserved sequences, Box 1 or proline-rich motif [20] [21] [22] [23] , and the core sequence of Box 2 [20, 22] , were also recognized. The cytoplasmic region proximal to the transmembrane domain (114 amino acids), which Comparison of deduced amino acid sequences of mouse and rat PRL-RL. The rat PRL-RL sequence reported by Shirota et al. [14] is used for comparison.
The position at which mouse cDNA diverges from the short forms [19] is indicated by an arrowhead. The putative transmembrane domain is boxed.
The potential cleavage site of the signal peptide [19, 20] is shown by a bracket. Conserved cysteine residues are shown by double-underlines. WSXWS motif or its variant is underlined.
The conserved cytoplasmic region, Box 1 or proline-rich motif [20] [21] [22] [23] , and the core sequence of a second conserved cytoplasmic region, Box 2 [20, 22] , are shown by boxes drawn with bold lines. The sequence missing in the rat PRL-R, [3] is shown between the arrows. 
Expression of PRL-RL mRNA in BaFIPD cells
Next, expression of PRL-RL mRNA in BaF/PD cells was examined by Northern blot analysis using the cDNA encoding the cytoplasmic domain as a probe. As shown in Fig. 3 the expression of PRL-RL mRNA was undetectable in the parental Ba/F3 cells. In contrast, all of the 5 PRL-dependent BaF/PD cell clones expressed the 2.5-kb PRL-RL mRNA which is expected from the 1,824-bp coding region and the 3' and 5' noncoding regions of PRL-RL mRNA and the vector sequence.
Induction of mouse y-casein mRNA in BaF/PD cells Since PRL is known to be stimulatory not only for growth [6, 9, 10] but also for differentiation [6, 8] of mammary epithelial cells, we examined the question whether or not mammary-specific y-casein mRNA is expressed in BaF/PD clone-6 cells in response to a lactogenic combination of hormones. After RT (reverse transcription)-PCR of the total RNA from BaF/PD cells cultured in the presence of PRL and dexamethasone, amplification of a 414-bp band product was observed. This band was confirmed as y-casein cDNA by Southern blot hybridization using the authentic 'y-casein cDNA [18] as a probe (data not shown).
Although PRL in combination with dexamethasone induced y -casein mRNA expression, PRL alone was not sufficient for its induction (Fig. 4) . Thus, mammary-specific gene expression is seen in lymphoid cells when PRL-RL is introduced into these cells. Likewise, IL-3 in combination with dexamethasone, but not alone, induced the expression of y -casein mRNA. 
Discussion
In the present study we cloned and characterized a cDNA encoding mouse mammary PRL-RL. After this mouse PRL-RL cDNA sequence had been submitted to the DDBJ database and made available to the public (D10214, submitted by M. Sasaki, 1992) , three other mouse PRL-RL cDNA sequences were submitted to databases (L13593 and [24] . Although these nucleotide sequences differ from each other at several positions, two of them (L13593 and L14811) encoded the same amino acid sequence as ours (Fig. 1) . The unique features of the cytokine/GH/PRL receptor superfamily are found in both the extracellular and the cytoplasmic domains of mouse PRL-RL. The extracellular domain contained two pairs of conserved cysteine residues near the N-terminal end and a TrpSerArgTrpGly amino acid sequence, which is a variant of the WSXWS motif [1, 2] known to be essential for ligand binding [26] . The cytoplasmic domain also contained unique conserved sequences, one of which, Box 1 (proline-rich motif) [20] [21] [22] [23] , is present in PRL-RS and PRL-RL of the rat and the mouse and PRL-RI of the rat. Another conserved sequence, Box 2 [20, 22] , is present in PRL-RL and PRL-R1. This sequence, however, is not found in PRL-RS, since most of the cytoplasmic domain is missing in this short form of PRL-R [19] . A comparison of amino acid sequences of mouse and rat PRL-RL revealed that the membrane-proximal cytoplasmic regions (114 amino acids) containing Box 1 and Box 2 are completely identical. By way of contrast, only 83% of the amino acids are identical in the rest of the cytoplasmic region (241 amino acids).
The high degree of conservation of the membrane-proximal region in PRL-RL of both the mouse and the rat and PRL-RI of the rat, in addition to the inability of PRL-RS or experimentally constructed deletion mutants of PRL-RL to support PRL-mediated gene activation [4, 5, 22, 23] suggest the importance of the membrane-proximal region in PRL-R-mediated signal transduction. Since the mouse PRL-RL cDNA cloned in this study possessed features characteristic of the cytokine/GH/PRL superfamily, we examined whether the transfection of this cDNA can confer the PRL-dependent growth on otherwise PRL-unresponsive cells. We have chosen IL-3-dependent Ba/F3 lymphoid cells [11] for this purpose, since it has been reported that Ba/F3 cells transfected with erythropoietin (EPO) receptor cDNA acquired the ability to grow in the presence of EPO even after IL-3 deprivation [27] . We have observed in this study that transfection of PRL-RL cDNA resulted in BaF/PD cells which are dependent on PRL for growth when IL-3 is omitted from the culture medium.
Our results are consistent with a recent report of PRL-dependent growth observed in rabbit PRL-R cDNA-transfected Ba/F3 cells [28] . Among the 5 PRL-dependent clones we have obtained, 4 clones showed similar growth characteristics.
One of them (clone-9), however, grew at lower concentrations of PRL ( Fig. 2A) . Since the expression of PRL-RL mRNA in this clone is moderate (Fig. 3) , we assume that the cause of higher responsiveness to PRL could lie somewhere other than the expression of PRL-RL mRNA. Elucidation of the mechanisms of increased PRL-responsiveness awaits further studies including the analysis of PRL-binding characteristics and PRL-signal transduction pathways. The finding that mammary-specific casein mRNAs are also expressed in cytotoxic T cells [29] PCR analysis of mouse y-casein mRNA expression in PRL-RL cDNA-transfected Ba/F3 cells. BaF/PD clone-6 cells were cultured for 48 h in the presence of PRL, PRL + Dex (dexamethasone), IL-3 or IL-3 + Dex. Total RNA was extracted from each of the triplicate cultures, reverse-transcribed and amplified using the mouse y -casein-specific primers as described in "Materials and Methods".
As a positive control, the same amount of total RNA from cultured mammary epithelial cells was processed similarly and labeled as "M". AND FUNCTIONAL EXPRESSION 51 raised the possibility that y-casein mRNA may be expressed in PRL-RL cDNA-transfected Ba/F3 cells. The present study established that 7-casein mRNA is expressed in response to lactogenic combination of hormones, i.e., PRL and glucocorticoids. These observations suggest that PRL-RL transmits signals important not only for growth but also for differentiation. Stimulation of both growth and differentiation has also been reported for EPO-R cDNA-transfected Ba/F3 cells, which grow and synthesize globin mRNA in response to EPO [30, 311. As for the mechanisms of receptor-mediated signal transduction, it was recently demonstrated that both IL-3-R and PRL-RL rapidly activate JAK2 tyrosine kinase after binding to their specific ligands [28, 32, 33] . The activated JAK2 in turn phosphorylates and activates Stat5/MGF transcription factor [34] . The activation of the latter has been suggested to be essential for the expression of f3-casein gene in COS cells co-transfected with PRL-RL and Stat5 cDNAs [35] and the stimulation of growth of IL-3-dependent myeloid cells [36] . In conclusion, we have established in this study that the PRL-RL cDNA cloned from the mouse mammary gland is functionally active in inducing both PRL-dependent growth and mammary-specific y-casein gene expression in PRL-RL-transfected Ba/F3 cells. Whether the JAK2-Stat5 pathway is used for both growth and mammary-specific gene expression in these cells is currently being studied. 
